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RESUMO 
As macrófitas aquáticas consistem no grupo biológico que incluem desde macroalgas 
até as angiospermas. Tal grupo apresenta grande importância ecológica, sendo 
consideradas importantes componentes estruturais dos ecossistemas aquáticos. A 
riqueza, composição e estrutura das comunidades de macrófitas aquáticas são 
determinadas pelos gradientes ambientais do ecossistema que estão inseridas. A 
descrição da resposta desta comunidade pode ser feita utilizando a identidade 
taxonômica e traços funcionais dos indivíduos registrados, resultando em um melhor 
entendimento dos mecanismos responsáveis pela community assembly. A 
dissertação apresentada teve como objetivo descrever a flora aquática do Rio 
Guaraguaçu, montar um guia ilustrativo das espécies ocorrentes, bem como analisar 
a variação espaço-temporal da composição taxonômica e funcional ao longo do 
gradiente longitudinal do rio em dois anos. O rio está localizado no leste do Estado do 
Paraná, dentro dos perímetros da Área de Proteção Ambiental de Guaratuba (APA 
Guaratuba). O material botânico coletado foi herborizado e depositado no Herbário da 
Universidade Federal do Paraná. A composição taxonômica e funcional da 
comunidade foi registrada em 16 bancos de macrófitas ao longo de todo o trecho 
navegável do rio. Tais bancos podem ser categorizados em relação a três diferentes 
áreas: i) alto impacto antropogênico, ii) baixo impacto e iii) manguezal. Em cada banco 
de macrófitas, as espécies foram registradas e 11 traços funcionais foram 
mensurados. Foram calculados os índices de diversidade taxônomica e funcional, 
bem como a contribuição relativa da variação inter e intraespecífica dos traços para 
descrever a variação espaço-temporal na variação na organização das comunidades 
de macrófitas. Foram registradas 47 espécies, representandes de 37 gêneros e 28 
famílias botânicas. Foi verificada uma constante e significativa variação espacial na 
comunidade. Os índices de diversidade das áreas de alto e baixo impacto 
antropogênico não difereriram entre si e foram significativamente maiores do que os 
da área de mangue. Porém, a composição taxonômica e funcional da comunidade foi 
dependente do nível de impacto antropogênico. Houve relação positiva entre a riqueza 
de espécies e os índices de diversidade funcional, mas não foi evidenciada 
redundância funcional. A variabilidade intraespecífica dos traços funcionais é o que 
principalmente determina a riqueza funcional. É evidente que o inventário florístico 
demonstra uma riqueza expressiva de macrófitas aquáticas e pode contribuir para 
criação de políticas públicas, uma vez que o rio está inserido numa área prioritária 
para conservação da biodiversidade. Além disso, o estudo enfatiza a importância das 
métricas de diversidade funcional, bem como a utilização da variabilidade 
intraespecífica para o melhor entendimento dos mecanismos de montagem de 
comunidades de macrófitas aquáticas. Por fim, evidenciamos a baixa variação 
temporal em um ecossistema altamente dinâmico, no qual a comunidade é fortemente 
afetada por filtragem ambiental relacionada à salinidade e aos impactos 
antropogênicos. 
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The biological group of aquatic macrophytes includes from macroalgae to 
angiosperms. This group is of high ecological importance, being considered as 
important structural components of aquatic communities. The richness, composition 
and structure of the aquatic macrophytes communities can be altered by environmental 
gradients of the ecosystem where they are inserted. The description of the response 
of this community to the environmental gradients can be made using the taxonomic 
identity and functional traits of the registered individuals, resulting in a better 
understanding of the responsible mechanisms for the community assembly. The 
present dissertation aimed to describe the aquatic flora of the Guaraguaçu River, to 
create an illustrative guide of  species, as well as to analyze the spatial and temporal 
variation of the taxonomic and functional composition along the longitudinal gradient 
of the river in two years. This river is located on the coast of the Paraná State, within 
the perimeters of the Guaratuba Environmental Protection Area (APA Guaratuba). The 
collected botanical material was herborized and deposited in the Herbarium of the 
Federal University of Paraná. Taxonomic and functional composition of the community 
were recorded in 16 macrophyte beds along the whole navigable stretch of the river. 
This can be categorized in relation to three different areas: i) high anthropogenic 
impact, ii) low impact and iii) mangrove. In each macrophyte bed, species were 
recorded and 11 functional traits were measured. The taxonomic and functional 
diversity indexes, as well as the relative inter- and intraspecific contribution of traits, 
were measured to describe the spatio-temporal variation in the organization of 
macrophyte communities. There were 47 species, representing 37 genera and 28 
botanical families. There was a constant and significant spatial variation in the 
community. The diversity indexes of the areas of high and low anthropogenic impact 
did not differ among themselves and were significantly higher than those of the 
mangrove area. However, the taxonomic and functional composition of the community 
was dependent on the level of anthropogenic impact. There was a positive relationship 
between species richness and functional diversity indexes, but no functional 
redundancy was evidenced. The intraspecific variability of the functional traits is what 
mainly determines the functional richness. Therefore, it is evident that the floristic 
inventory shows an expressive richness of aquatic macrophytes and can contribute to 
the creation of public policies, since this river is included in a priority area for 
biodiversity conservation. In addition, the study emphasizes the importance of 
functional diversity metrics as well as the use of intraspecific variability for a better 
understanding of the mechanisms of aquatic macrophyte community assembly. 
Finally, we show the low temporal variation in a highly dynamic ecosystem, in which 
the community is strongly affected by environmental filtration related to salinity and 
anthropogenic impacts. 
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Apresentação e Introdução geral 
 
A dissertação apresentada é composta por três capítulos. O primeiro capítulo 
diz respeito aos dados florísticos do rio Guaraguaçu, onde foram realizadas coletas 
sazonais e montado um checklist das macrófitas aquáticas existentes. Esse capítulo 
foi estruturado como um artigo a ser submetido ao periódico “Biota Neotropica” (Qualis 
B2). O segundo capítulo é um manuscrito científico formatado nas normas do 
periódico “Aquatic Sciences” (Qualis A2) que analisa a variação espaço-temporal da 
composição taxonômica e funcional ao longo do gradiente longitudinal do rio em dois 
anos. O terceiro se refere a um guia didático e ilustrativo de todas as espécies 
coletadas em período fértil, o qual pode subsidiar outras pesquisas e facilitar a 
identificação das espécies que ocorrem no Rio Guaraguaçu. Esse útlimo material será 
disponibilizado em PDF, gratuitamente, no site do Laboratório de Análise e Síntese 
em Biodiversidade – UFPR (https://sites.google.com/site/lablasb/). Para subsidiar a 
leitura, apresentamos a seguir informações da nossa área e grupo biológico de 
estudo. 
A área de estudo é inserida no bioma Mata Atlântica, um hotspot de 
biodiversidade mundial e um ecossistema que sofre grande degradação histórica 
(Arroyo-Rodríguez et al., 2015; Melo et al., 2013; Meyers et al., 2000). Há clara 
ameaça às espécies e processos ecológicos, sobretudo nos ecossistemas aquáticos 
continentais brasileiros (Barrela et al., 2014; Agostinho et al., 2005). É neste cenário 
que estão as macrófitas aquáticas, um grupo ecológico que sofre diretamente com 
fragmentação de habitats. 
As macrófitas aquáticas também chamadas de hidrófitas (Raukier, 1934), 
compreendem as formas macroscópicas de vegetação aquática, incluindo 
macroalgas, briófitas, pteridófitas e angiospermas. Apresentam grande variedade de 
nicho ecológico devido a adaptações morfofisiológicas que as permitem sua 
colonização e estabelecimento em diversos tipos de habitats como tanques, lagos, 
lagoas, brejos, cachoeiras, rios, riachos, canais, reservatórios, mares e oceanos 
(Pitelli et al., 2008; Pompeo & Moschini-Carlos, 2003; Thomaz & Bini, 2003; Pott & 




ecológica, a qual está discutida na literatura de forma expressiva (Bianchini-JR. Et al., 
2002; Camargo, 2003; Araujo, et al., 2012; Havel et al., 2015; Grimaldo et al., 2016). 
Devido à heterogeneidade filogenética, são preferencialmente classificados 
quanto ao seu biótipo, denominados genericamente de grupos ecológicos (Esteves, 
1998). Para melhor entender esse grupo, foi proposto um esquema que classifica as 
espécies quanto à sua forma de vida em anfíbias, emergentes, flutuantes livres, 
flutuantes fixas, submersas livres, submersas fixas e epífitas (Figura 1).  
 
Figura 1: Esquema das formas de vida de macrófitas aquáticas de acordo com Irgang et al. (1984), 
com adaptações de Campelo et al. (2012). 1(Anfíbia: Angelonia salicariifolia); 2ª e 2b(Emergente: Typha 
domingensis e Polygonum punctatum); 3(Flutuante fixa: Nymphaea caerulea); 4ª e 4b (Flutuante livre: 
Eichhornia crassipes); 5(Submersa fixa: Egeria densa); 6(Submersa livre: Utricularia gibba); 7(Epífita: 
Habenaria sp.).  
 
A composição da comunidade vegetal aquática pode variar no espaço e no 
tempo, ao longo do rio (teoria do rio contínuo) e ao longo dos anos por sucessão 
ecológica ou sazonalidade, respectivamente. Para ser descrita, pode-se utilizar 
informações taxonômicas (considerando a identidade taxonômica das espécies) e 
através de atributos funcionais, o quais consideram o valor e variação das espécies e 




et al., 2005). Assim, muitos estudos envolvendo macrófitas aquáticas são 
levantamentos florísticos, bem como ecológicos relacionados a padrões espaciais e 
temporais da comunidade aquática. 
No que diz respeito aos estudos de cunho ecológico, a ecologia funcional 
merece destaque. Os estudos de diversidade funcional têm sido realizados no sentido 
de entender as respostas das comunidades frente à variação ambiental (Asefa et al., 
2017; Janes et al., 2017; Crabreba et al., 2015; Fu et al., 2014; Albert et al., 2012; 
Petchey & Gaston, 2006). Já existem resultados mostrando que a distribuição 
geográfica das espécies é estritamente relacionada a traços funcionais (Capers, et al., 
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ABSTRACT: Aquatic macrophytes refer to a biological group ranging from macroalgae to 
angiosperms. This group presents great ecological relevance, being considered important 
structural components for aquatic biota. This study aimed to create a checklist of the aquatic 
macrophytes species occurring in the Guaraguaçu River. The species collected from March 
2016 to October 2017 were herborized, identified and incorporated to the collection of the 
Herbarium of the Federal University of Paraná (UPCB). A total of 47 species were registered, 
corresponding to 37 genera and 28 botanical families, with Cyperaceae and Poaceae being the 
most representative. In addition, it was registered the occurrence of the exotic invasive species 
such as Urochloa arrecta (Hack. ex T.Durand & Schinz) Morrone & Zuloaga and species with 
restricted distribution such a Apalanthe granatensis (Bonpl.) Planch. The inventory made here 
shows a significant richness of aquatic macrophytes species in the Guaraguacu River and may 
contribute to the creation of public policies, once this river represents a central site for biological 
conservation efforts. 
Keywords: floristic composition, aquatic plants, Paraná coastal basin. 
 
INTRODUCTION 
The Neotropical region has the highest water availability and number of aquatic 
ecosystems in the world (Wetzel 2001), which stand out for their high ecological, social and 
economic value (Pott & Pott 2000, Pompêo 2008). Brazil, in particular, is privileged with such 
natural resources, presenting complex water bodies with quite varied characteristics (Bove et 
al. 2003) that allow high biodiversity. However, Brazilian ecosystems have been altered for a 
long time due to anthropogenic actions such as dam constructions, fishing activities, destruction 
of riparian forests, as well as the introduction of non-native species (Agostinho et al. 2005, 




The aquatic macrophytes form an ecological group considered an important structural 
component of water bodies (França et al. 2010, Campelo et al. 2013). They present a great 
variety of ecological functions and requeirements (Pedrali 1990). Indeed, aquatic biodiversity 
is usually determined by the colonization and establishment of aquatic plants (Ferreira et al. 
2010, O’Hare et al. 2017, Wolters et al. 2018). 
The richness, composition and structure of aquatic macrophyte communities are, at least 
partially, determined by environmental gradients. Abiotic characteristics of the water and the 
variation of the hydrological regime are shown to be important variables shaping aquatic 
vegetation and filtering organisms more adjusted to the environmental requirements (Sobral-
Leite et al. 2010, Meyer & Franceschinelli 2011, Fernándes-Aláez et al. 2016). As a 
consequence, floristic and ecological studies become key contributions to understand patterns 
and processes of aquatic communities, given they increase the knowledge about the geographic 
distribution of species and the relationship between biotic and abiotic factors (Thoma\ & Bini 
2003, Pompêo & Moschini-Carlos 2003). 
In the south region of Brazil, floristic studies of the aquatic biota are concentrated in the 
upper Paraná River (Kita & Souza 2000, Ferreira et al. 2011), in the Itaipu Reservoir (Bini et 
al. 1999, Thomaz et al. 2003) and in several aquatic ecosystems of the Rio Grande do Sul State 
(Oliveira et al. 1988, Gastal & Irgang 1997, Lisboa & Gastal 2003). There is a clear gap, in 
other rivers and reservoirs of the region. The Guaraguaçu River is among those with no formal 
floristic inventory. This river is the largest river of the coastal basin of Paraná State, South 
Brazil. It is located within the limits of the Guaratuba Environmental Protection Area (APA 
Guaratuba), and part of its course is also within the limits of the Guaraguaçu River Ecological 
Station (Slovenski 2000), in the ecoregion called Lagamar (i.e. the estuarine complex in the 
most preserved region of Atlantic Forest biome, Souza & Oliveira 2016). Therefore, this is a 
critical ecosystem for aquatic conservation. The Guaraguaçu River water course is affected by 
tidal regime, the most part of its extension is composed by freshwaters. This is a rare condition 
in water bodies of LAGAMAR. 
Although the Guaraguaçu River presents great ecological and socioeconomic 
importance for the region where it is inserted, there is a large gap with respect to studies 
regarding conservation efforts.  The present study carries out the first formal checklist of aquatic 
macrophytes of the Guaraguaçu river, with the purpose of contributing with information about 





MATERIAL AND METHODS 
Study site 
The checklist was entirely made in the Guaraguaçu River (25°40’19.95’’S, 
48°30’47.20’’O), which is formed by the confluence of streams from Serra da Prata (Saint 
Hilaire-Lange National Park) and flows the Paranaguá Bay, an environment of high biological 
importance that suffers from great anthropogenic impacts such as overfishing (Lana et al. 2001) 
and introduction of exotic species (Vitule et al. 2006), in addition to being inserted into a major 
port area (Caires et al, 2007, Contente et al. 2011) (Figure 1 in Supplementary Material). 
The river is about 60 km long and presents a well-defined longitudinal gradient from 
the headwaters to the river mouth. In general it is characterized by dark waters with high levels 
of humic compounds. In the upstream region, a junction of small streams from the submontane 
region of Serra da Prata can be observed. After this area, the river presents its most navigable 
stretch, approximately 30 m wide, and a good conservation status. It is a large "caixetal", a 
unique and rare region with large occupation of Tabebuia cassinoides (Lam.) DC, already listed 
as endangered in 1997 IUCN red list (IUCN 1997) and characterized by the occurrence of many 
species typical of riparian vegetation, high water transparency, low tidal influence and low 
abundance of invasive grasses. 
In the intermediate region, there are two rectified channels that are being used as a 
water catchment system for public supply, as well as for the reception of effluents from 
bathhouses, a sanitary landfill, and large human occupation in the river margins. The 
intermediate region can therefore be considered the most impacted by anthropogenic stressors, 
reflecting directly on the species composition of the aquatic plant community, thereby causing 
a typical riparian vegetation to be replaced by species considered potentially invasive, with high 
colonization and establishment capacities, such as U. arrecta and E. crassipes (even if this last 
species is native, it can develop to an invasive status, see also Schultz & Dibble 2012, Michelan 
et al. 2013, Pavão et al. 2017). Downstream of this place with greater human influence, the river 
enters the Guaraguaçu River Ecological Station, proceeding to the mangrove region, with many 
halophytic species and where the occurrence of freshwater aquatic macrophytes ends. It is 
important to point out that the river has a strong tidal influence, presenting a reflux of water in 
the lowlands. Even so, freshwater is predominant in most part of the river (Silva 2008). 




The botanical material was collected in four different periods between March 2016 and 
October 2017. The survey of the floristic composition of aquatic macrophytes followed Pedralli 
(1990), which presents information on collection and herborization methods, in addition to 
ecological data, as life forms.  
The aquatic environment was sampled with a boat maintained at low speed while the 
river banks were surveyed by walks, known as walk collection method, following Mormul et 
al. (2010). The collected material was forwarded for the assembly of exsiccates, identified and 
later deposited in the scientific collection of the UPCB. The identification of the taxa was 
carried out through a comparison of the collected material, along with the aid of specialized 
bibliography and expert consultation. The classification of phanerogamic botanical families 
was based on Souza and Lorenzi (2008) and APG III (2009), while the classification of 
pteridophytes followed Smith et al. (2006). 
 
RESULTS AND DISCUSSION 
A total of 47 species belonging to 37 genera and 28 botanical families have been 
recorded (Table 1 in Supplementary Material). It can be considered a significant richness when 
compared to other studies carried out in the south region of Brazil, such as Rocha and Martins 
(2011), which collected 54 species in the municipality of Ponta Grossa (PR) through 10 
samplings, and Alves et al. (2011), which registered 63 taxa in the Environmental Protection 
Area (APA) of the Coastal Environment (SC). Even when compared to intensive inventories 
made in Paraná State, Guaraguaçu River have a substantial amount of species. For instance, 
Ferreira et al. (2011) collected a total of 153 species in the upper Paraná River floodplain by 
compiling data from several samplings in geographical extension of hundred of kilometers; and 
Cervi et al. (2009) surveyed 117 taxa in ponds, reservoirs and streams of the city General 
Carneiro, south of Paraná, after decades of samplings. Indeed, the fact that our list includes a 
smaller number of species compared to such inventories may be associated with: i) the number 
of samplings, ii) the size of the Guaraguaçu River, iii) the fact that part of this river is affected 
by saltwater, and iv) and the degree of isolation of this river considering the other major aquatic 
basins. Indeed, given the major Mountain Chains that surround most Brazilian coastline, 
estuarine systems have poor connection to the other inland waters. Relatedly, it has been shown 
that the richness of aquatic macrophytes is associated to the area in different scales and 
bioclimatic factors (Campelo et al. 2013, Moura-Junior et al. 2015). In addition, it is important 
to emphasize that this is the first study of the floristic composition in the Guaraguaçu River, in 




In general, the most representative family was Cyperaceae (15%, seven species), 
followed by Poaceae and Onagraceae (8.5%, four species each) and Polygonaceae (6.3%, three 
species) (Figure 2 in Supplementary Material). Other studies have already demonstrated the 
remarkable presence of species of Cyperaceae and Poaceae in rivers (Pivari et al, 2011, 
Campelo et al. 2012) and reservoirs (Ferreira et al. 2011, Moura-Junior et al. 2011, Pott et al. 
2011, Sabino et al. 2015). This representation commonly found can be explained by the fact 
that they are cosmopolitan families with high number of species, which have high dispersal 
capacity due to the presence of rhizomes and tubers (Souza & Lorenzi 2008). According to 
Pivari et al. (2011), the striking occurrence of Cyperaceae suggests environmental changes in 
the aquatic ecosystems and formation of floating islands, possibly related to anthropogenic 
processes. 
The most common biological forms found were amphibians (34%, 16 species) and 
emergents (32%, 15 species). It is an expected result, similar to that obtained in other studies 
of aquatic macrophytes in Neotropical regions (Henry-Silva et al. 2010, Mormul et al. 2010, 
Pivari et al. 2011, Rolon et al. 2011, Araujo et al. 2012). The largest number of amphibian and 
emergent species may be related to the adaptability to both the aquatic and terrestrial 
environments, especially to environments subject to  pulses of seasonal or daily floods from 
semidiurnal tides (Bove et al. 2003), as occuring in the Guaraguacu River. In addition, the high 
number of species of the most representative families (Cyperaceae and Poaceae) is related to 
the high richness of amphibian and emergent species in tropical aquatic ecosystems (Ribeiro et 
al. 2011). 
In studies of aquatic macrophyte communities, it is essential to discuss the presence of 
exotic invasive species. In the Guaraguaçu River, the most abundant species is the U. arrecta, 
which has caused serious ecological changes regarding the dynamics of tropical aquatic 
ecosystems (Carniatto et al. 2013, Fernandes et al. 2013, Michelan et al. 2013), especially due 
to its high biomass that allows high dispersion and establishment capacities (Michelan et al. 
2010, Amorim et al. 2015). Another non-native species recorded in Guaraguaçu River is 
Nymphaea caerulea Savugny. Although several species of the family Nymphaeaceae are native 
and common in Brazil, the species recorded in Guaraguaçu River is originated in the Nile basin. 
The occurrence of the two non-native species above mentioned suggest that study and 
conservation efforts should be concentrated in sites such as the Guaraguaçu River, considered 
vulnerable to biological invasion (Silva 2007, Vitule et al. 2014). 
In addition, the occurrence of the species Apalanthe granatensis (Bonpl.) Planch was 




restricted geographic distribution (Pott & Pott 2000, Bove et al. 2003, Hall & Gil 2016), in 
addition to presenting a key role in the aquatic community, for example, by increasing the 
periphytic microalgae species richness (Fernandes et al. 2016). This is the first record of A. 
granatensis in Paraná State, although it can not be considered a biological invasion given its 
described ranges. In summary, present study revealed a high richness of aquatic macrophytes 
in the Guaraguaçu River, demonstrating that despite presenting a high degree of anthropogenic 
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Figure 1, Geographical location of the Guaraguaçu River, Parana, Brazil, showing location of the pristine “caixetal 
area”, the mangrove area where water is permanently brackish, and the area of greater anthropogenic impact (the 
intermediate are between "caixetal" and "mangrove"). Number indicate locations of main sampling sites, although 
checklist was done after active search of all river. In the intermediate areas, it is also highlighted the rectified 
channels (RC). The one in the right has a damping ground (DG) and receives great amount of domestic effluents 
from municipalities; whereas the left RC has a water caption station (WA) from the State Sanitation Company. 
Figure 2, Number of species by family of aquatic macrophytes recorded in Guaraguaçu river, Paraná, Brazil, 




Table 1, Lists of aquatic macrophytes and life forms recorded in Guaraguaçu river, Paraná, Brazil. AM = 
amphibious; EM = emergent; EP = epiphyte; FF = free floating; FS = free submerged; RF = rooted floating; and 

































































































Echinodorus grandiflorus (Cham. & Schltr.) Micheli EM 92723 
Echinodorus tenellus tenellus (Mart. ex. Roem. & Schult.) 
Buchenau AM 87714 




Alternanthera philoxeroides (Mart.) Griseb. AM 92713 




Crinum americanum L. EM 92712 




Lemna valdiviana Phil. FF 92716 
Pistia stratiotes L. FF 58254 




Hydrocotyle leucocephala Cham. & Schltdl. FF 92717 




Wedelia padulosa DC. AM 92721 




Begonia fischeri Schrank AM 92711 




Commelina nudiflora L. AM 87705 




Ipomoea carnea Jacq. AM 92598 




Cyperus giganteus Vahl EM 87708 
Cyperus pohlii (Nees) Steud. AM 92710 
Eleocharis geniculata (L.) Roem. & Schult. AM 92730 
Eleocharis interstincta (Vahl) Roem. & Schult. EM 92704 




Oxycaryum cubense (Poepp. & Kunth) Lye EP 87707 
Rhynchospora corymbosa (L.) Britton E 92709 




Myriophyllum aquaticum (Vell.) Verdc. RS 87712 




Apalanthe granatensis (Bonpl.) Planch. RS 92731 
Egeria densa Planch. RS 92600 




Juncus brasiliensis Breistr. AM 87706 




Utricularia gibba L. FS 92596 




Palhinhaea cernua (L.) Franco & Vasc. AM 87704 




Talipariti pernambucense (Arruda) Bovini AM 92705 




Tibouchina trichopoda (DC.) Baill. AM 92301 




Nymphaea caerulea Savugny RF 92595 




Ludwigia grandiflora (Michx.) Greuter & Burdet EM 92597 
Ludwigia erecta (L.) H.Hara AM 92732 
Ludwigia helminthorrhiza (Mart.) H.Hara FF 92733 
Ludwigia octovalvis (Jacq.) P.H.Raven EM 92722 




Habenaria repens Nutt. EM 92729 




Hymenachne amplexicaulis (Rudge) Nees EM 92702 




Panicum schwackeanum Mez EM 92707 
Urochloa arrecta (Hack. ex T.Durand & Schinz) Morrone & 
Zuloaga EM 87713 




Polygonum hidropiperoides Michx. EM 92720 
Polygonum punctatum Elliott AM 92714 
Polygonum stelligerum Cham. AM 92701 
   
PONTEDERIACEAE   
Eichhornia azurea (Sw.) Kunth FF 92599 
Eichhornia crassipes (Mart.) Solms FF 52526 
   
POTAMOGETONACEAE   
Potamogeton illinoensis Morong RF 91220 




Ceratopteris thalictroides (L.)Brongn. AM 87703 




Ricciocarpos natans (L.) Corda FF 92725 




Azolla caroliniana Willd. FF 58257 
Salvinia biloba Raddi FF 87715 
   
TYPHACEAE   
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ABSTRACT: A better understanding of community assembly is achieved when the response 
of the plant community in continental aquatic ecosystems is made using both the taxonomic 
identity and the functional traits of the individuals. We described the spatial and temporal 
variation of the taxonomic and functional diversity and composition of the community of 
aquatic macrophytes in the Guaraguaçu River, a subtropical tidal river in southern Brazil. 
Macrophyte beds were sampled semiannually during two consecutive years. Modules of each 
species in each macrophyte bed recorded were sampled for eleven functional traits related to 
the growth, establishment, and fitness. There was always spatial variation of the diversity and 
community composition. Temporal variation was only observed in fuctional community 
composition. There was no clear distinction between areas of high and low anthropogenic 
impact considering diversity metrics; but such areas highly differ considering community 
composition. There was a positive relationship between species richness and functional 
diversity indexes, but no evidence for functional redundancy. Intraspecific trait variability, 
which can be attributed to the phenotypic plasticity of the species, mostly contributed to the 
functional richness. We emphasized the importance of addressing intraspecific variability in 
studies of functional ecology in order to better understand the mechanisms of community 
assembly. We advocate that anthropogenic impacts are central to macrophyte community 
assembly. Finally, we suggest that salinity is an important environmental filter of macrophytes 
in coastal rivers such as the Guaraguaçu.  





In fluvial systems, spatial changes in communities can be predicted by The River 
Continuum Concept (Ward and Stanford 1983): from small to large-scale streams, it is expected 
an increasing gradient of biodiversity and a predictable change in species composition. 
However, landscape features, along with anthropogenic impact on the surrounding 
environment, are the main determinants for the most part of the river extension (Boechat et al. 
2013; Queiroz and Rocha, 2010; Rodrigues et al. 2010).  
Aquatic macrophytes represent a dynamic ecological group whose species composition 
and biodiversity change rapidly due to environmental variations, such as those related to 
seasonality and hydrological variation (Bornette and Puijalon 2011; Ceschin et al. 2018; Fritz 
et al. 2017; Maltchik et al. 2007). Considering the community of aquatic macrophytes in tidal 
rivers, a change in floristic composition along the river should also occur through the 
environmental filter of salinity (Guo and Pennings 2012; Nunes and Camargo 2016). Therefore, 
in addition to species varying spatially, a substantial temporal variation is also common (Fu et 
al. 2014; Li et al. 2017; Thomaz et al. 2009a, b). However, the identification of the main source 
of variation contributing to the total diversity of aquatic macrophytes is context-dependent, with 
no definitive conclusion for all ecosystems. However, the determination of this main source of 
variation may support conservation strategies by indicating which source of heterogeneity 
should be promoted to result in greater diversity over time and space (Socolar et al. 2016).  
In addition, diversity has multiple facets, and functional diversity does contribute to a 
better understanding of the effects of communities on the stability and functioning of 
ecosystems (Cadotte 2011; Cadotte et al. 2011; Flynn et al. 2011; Fornara and Tilman 2008; 
Petchey and Gaston 2006). Also, describing patterns in functional composition may better 
elucidate how ecological filters determine the spatial and temporal changes of communities (Fu 
et al. 2014). 
Functional diversity is estimated by measuring traits of individuals. Such traits are 
morphological and ecological features of individuals that relates to how they affect and are 
affected by the functioning of ecosystems, such as productivity, stability, and cycling of 
nutrients (Capers et al. 2010; Cardinale et al. 2012; Tilman 2001). In this sense, relating 
taxonomic and functional diversity may reveal how biodiversity affect the functioning of 
ecosystems. For instance, one may conclude that if functional diversity increases indefinitely 
with species richness, the extinction of any species represents a functional loss for the 
community. On the other hand, if the addition of species does not cause an increase in functional 




term stability of that ecosystem. In cases like this, the functioning of ecosystems should not be 
affected by the loss of species, as predicted by the insurance hypothesis (Loreau et al. 2002; 
Naeem 1998; Naeem and Li 1997). 
Functional traits vary among species of macrophytes and, within each species, between 
individuals. Since the growth habit of many macrophyte species is clonal and branched, with a 
single individual giving rise to an extensive vegetal bank, intraspecific variation in a 
macrophyte bed can be measured at modules (defined as the minor repeating portion containing 
a root, stem, and leaves, see Pérez-Harguindeguy et al. 2013). In this sense, it is also important 
to evaluate how much of the functional diversity is composed by intraspecific trait variation 
(see also de Bello et al. 2011; Carlucci et al. 2015; Cianciaruso et al. 2009; Spasojevic et al. 
2016). 
The main goal of this study was to describe the spatial and temporal variation of the 
diversity and community composition, both taxonomic and functional, of aquatic macrophytes 
in the Guaraguaçu River, a subtropical tidal river in southern Brazil – in the most preserved 
remnants of the Atlantic Forest hotspot (Myers et al. 2000). We investigated the main scale of 
variation by comparing the partition between components of spatial and temporal variation with 
a null model. Finally, the relationship between taxonomic and functional diversity, as well as 
the contribution of intra and interspecific variation to the functional diversity of aquatic 
macrophytes were also evaluated. 
 
MATERIALS AND METHODS 
Study area 
The study was carried out in the Guaraguaçu River (Figure 1), a tropical river with 
strong tidal influence and conspicuous longitudinal variation, forming differentiated 




Figure 1: Geographical location of the macrophyte beds sampled in Guaraguaçu River, Parana, Brazil, showing 
also: location of the pristine “caixetal area”, the mangrove area where water is permanently brackish, and the area 
of greater anthropogenic impact (the intermediate are between "caixetal" and "mangrove"). In the intermediate 
areas, it is also highlighted the rectified channels (RC). The one in the right has a damping ground (DG) and 
receives great amount of domestic effluents from municipalities; whereas the left RC has a water caption station 
(WA) from the State Sanitation Company. 
 
The Guaraguaçu River is the largest river in the coastal basin of Paraná State and is 
located in a priority region for biodiversity conservation in Brazil. The colonization of 
macrophytes is intense. It is also clear that environmental variation occur along the river, with 
brackish waters reported at the downstream, strong degradation in water quality given 
anthropogenic disturbances in its intermediate stretch (where there is only freshwaters), and 




characterized by the high abundance of the amphibian tree Tabebuia cassinoides Lam. (DC.) 
(Bignoniaceae) and with high concentration of humic and fulvic acid compounds (Silva 2008; 
unpublished data; see location in Figure 1). 
In the intermediate region, there are two rectified channels that are being used as a water 
catchment system for public supply, as well as for the reception of effluents from bathhouses, 
a sanitary landfill, and large human occupation in the river margins (see locations in Figure 1). 
This region can be considered the most impacted by anthropogenic stressors, reflecting directly 
on the species composition of the aquatic community with macrophyte species considered 
potentially invasive, such as Urochloa arrecta (Hack. ex T.Durand & Schinz) Morrone & 
Zuloaga and Eicchornia crassipes (Mart.) Solms (even if this last species is native, it can 
develop to an invasive status, see Michelan et al. 2013; Pavão et al. 2017; Schultz and Dibble 
2012). In addition, there are records of several non-native fish and invertebrate species, such as 
Clarias gariepinus (Burchell, 1822), Ictalurus punctatus (Rafinesque, 1818), Salminus 
brasiliensis (Cuvier, 1816) (see Vitule 2007; Vitule et al. 2006), tilapias and Malaysian giant 
shrimp (in preparation). 
As a tidal river in coastal floodplain, the water flow is inverted twice a day in most of 
its extension, which causes level fluctuation up to nearly 2 meters (personal observation). 
Finally, seasonality is also common in this region, considering mainly temperature and rainfall 
(dry season in winter, and wet season in summer, although precipitation occurs during all the 
year reaching nearly 2000 mm, see Camargo and Harari 2003). Therefore, the expectation of 
high temporal and spatial variation in aquatic macrophytes is justified. 
 
Data collection 
To carry out the work, 16 macrophyte beds were selected and georeferenced along the 
navigable stretch of the river, which is 30 km long (Figure 1). The taxonomic composition was 
evaluated with seasonal field trips (March/October) for two consecutive years (2016/2017), 
following the conventional method of collection and herborization of aquatic macrophytes 
(Pedrali 1990) in all selected macrophyte beds. The species in the reproductive stage were 
collected, herborized, and indexed in the scientific collection of the Botany Department 
Herbarium of the Federal University of Paraná (UPCB-UFPR). 
The extension of macrophyte beds were at least 50 m. All species were recorded within 
50 m of each macrophyte bed, following an adaptation for aquatic macrophytes of the RAPELD 




but was naver lower than 1 km (Figure 1). Considering the different levels of anthropogenic 
impact and environmental features along the river, we identified three different categories: low 
anthropogenic impact (macrophyte beds 1-5), high anthropogenic impact (macrophyte beds 6-
14) and mangrove area (macrophyte beds 15-16) (Figure 1). The first is located upstream and 
is characterized by near-pristine areas with few human interference, with no salinity and with 
high concentration of humic- and fulvic-acid compounds given decomposition of leafs and 
steams of vegetation from the pristine mountain areas of Atlantic Forest where the river spring 
is located. The second is at the intermediate stretch of the river, where there is intense human 
occupation, and where ditches were artificially constructed to both water catchment and (rather 
paradoxically) drain domestic effluents from municipalities nearby. There is also a dumping 
ground in one margin of a ditch that certainly contributes to water pollution (Figure 1). The 
third is a mangrove area were colonization of macrophytes ceases and with permanently 
brackish waters (macrophyte beds 15 and 16 in Figure 1).  This is a relatively well preserved 
area with two important conservation units (“Estação Ecológica do Rio Guaraguaçu” and 
“Reserva Estadual do Palmito”) in some extension of the left margin of the river. Even with 
these clear differences in abiotic features, such classification is also highly supported by the 
mean relative abundance (across sampling periods) of the non-native and invasive species U. 






Figure 2: Mean relative abundance (across sampling periods) of the non-native invasive Urochloa arrecta (Hack. 
ex T.Durand & Schinz) Morrone & Zuloaga in each macrophyte bed. Relative abundances were estimated using 
Braun-Blanquet classes (see methods) considering the occupancy of the species in the 50 m extension of each 
macrophyte bed. 
 
For each species recorded in each macrophyte bed, we estimated abundance by using 
Braun-Blanquet abundance classes considering the occupancy of each species in the 50 m 
extension of macrophyte beds (0 = 0%; 1 = less than 5%;  2 = 5-25%; 3 = 25-50%; 4 = 50-75%; 
5 = greater than 75% of occupancy). Considering that aquatic macrophytes are modular 
organisms, three modules of each species recorded were selected in each macrophyte bed to 
measure the following functional traits: root length (cm); leaf length (cm), leaf width (cm) and 
leaf area (cm2), petiole length (cm), stem width (cm), herbivory degree (same abovementioned 
Braun-Blanquet classes considering the percentage of leaf area covered by herbivory). Also, 
we consulted specialized bibliographies (APG 2009; Moura-Junior et al. 2015; Pott and Pott 
2000) to determine, for each species: leaf pubescence (pubescent or glabrous), flowering 
(seasonal or annual), and life form (emergent, rooted floating, free floating, rooted submerged, 
free submerged, amphibian, epiphyte). Such functional traits are commonly used in studies of 
aquatic macrophytes and provide important information on biological responses to 
environmental variation, as they may affect critical stages of colonization and establishment, as 



































In order to describe the diversity and community composition as dependent of the 
macrophyte bed and period evaluated; matrices of species composition and functional traits 
were organized (see metadata in Supplementary Material, complete matrices are available 
contacting aapadial@gmail.com). For each macrophyte bed in each period, we calculated the 
species richness, the index of Shannon-Wiener, the Pielou's equity, as well as the following 
functional diversity indexes: functional richness (FRic), functional divergence (FDiv), 
functional dispersion (FDis), and Rao's quadratic entropy (RaoQ) (Laliberté and Legendre 
2010). We chose such diversity indexes given they are complementary considering the facet of 
biodiversity evaluated (see Magurran 2013 for taxonomic indexes; and Mouchet et al. 2010 for 
functional diversity indexes). Functional indexes were calculated in two ways: i) considering 
the average trait values for all modules sampled for each species (thus accounting only for 
interspecific variation in traits), and ii) considering the average trait values for each species in 
a certain macrophyte bed and sampling period (using averages for the three modules and, thus, 
accounting for inter and intraspecific variations in traits). 
We tested differences among macrophyte beds (i.e. spatial variation) using the four 
samplings periods as replicates; and differences among sampling periods (i.e. temporal 
variation) using the 16 macrophyte beds as replicates. For that, we used Analysis of Variance 
(ANOVA). We dig further in comparing spatial and temporal variation in species richness by 
calculating the relative contribution of diversity within macrophyte beds, variation among 
macrophyte beds, and variation among periods to the gamma diversity was evaluated using an 
additive diversity partitioning and with a null model analysis (Crist et al. 2003). 
PCoA ordinations were performed with the Bray-Curtis dissimilarities in abundance of 
the species; and Gower’s dissimilarities of community-weighted mean (CWM) trait values 
(Lavorel et al. 2008) in order to verify the structure of the taxonomic and functional composition 
by macrophyte bed in each period. We used Gower's dissimilarity index given it allows using 
different types of functional traits (continuous and categorical variables), assigning equal 
weights for each trait (Villéger, Mason & Mouillot 2008). CWM matrix of functional 
composition was calculated using only the averaged traits of modules for each macrophyte bed 




differences among macrophyte beds or sampling periods in community composition using 
Permutational Multivariate Analysis of Variance (PERMANOVA; Anderson 2001).  
We also formally investigated spatial autocorrelation in the taxonomic and functional 
community composition by Mantel correlation of (in each period) the matrix of the geographic 
distances among all macrophyte beds and both: (i) the Bray-Curtis dissimilarities of species 
abundances; and ii) the Gower’s dissimilarities of CWM.  
We then explored the contribution of inter and intraspecific variation in traits by 
dividing the FRic calculated considering only interspecific trait variability by FRic considering 
also intraspecific trait variability. We calculated a mean of such ratio for each macrophyte bed 
in each period. Also, we tested for differences among interspecific FRic and intraspecific FRic 
using a paired t-test. In this case, intraspecific FRic was considered as the total FRic minus 
interspecific FRic. We used only FRic for this analysis given we aimed only to explore if 
intraspecific trait variability significantly increases the size of trait ranges (that can be estimated 
considering convex hull volume calculated by FRic, see Villéger et al. 2008); and not to explore 
other functional diversity facets that are also dependent on the relative abundance of the species 
in a community (FDiv, FDis and RaoQ, see Mouchet et al. 2010).  
Finally, the relationship between species richness and all functional diversity indexes 
was tested with the Michaelis-Menten saturation curve (y = a*x/(b+x)). The analyses were 
performed using the R software, version 3.4.3 (R Core Team 2017) and the Statistica software 
version 7.0 (StatSoft 2005). 
 
RESULTS 
All facets of diversity and composition of aquatic macrophytes varied between 
macrophyte beds, but not between sampling periods (except for functional community 
composition, Table 1). 
 
Table 1: Diversity and taxonomic and functional composition of aquatic macrophytes in the Guaraguaçu River 
depending on macrophyte bed and period evaluated. 
 Macrophyte beds Periods 
 F P F P 
Species Richness 7.311 < 0.001 7.311 0.801 
Shannon-Wiener index 7.827 < 0.001 0.666 0.576 
Pielou Equitability 2.850 0.003 1.371 0.261 




Functional Divergence (FDiv) 3.673 <0.001 0.763 0.520 
Funcional Dispersion (FDis) 7.147 <0.001 1.213 0.313 
Rao Q Entropy (RaoQ) 8.285 <0.001 1.005 0.397 
Taxonomic Composition 6.347* 0.001 1.366* 0.149 
Functional Composition 1.426* <0.001 1.552* 0.003 
*A Pseudo-F is calculated according to PERMANOVA approach, see Anderson (2001). 
 
In general, the area further downstream of the river, where the mangrove is located, has 
the lowest taxonomic and functional diversity (Figure 3). There is no clear distinction from 
taxonomic and functional diversity between areas with higher and lower anthropogenic impact 
(Figure 3), but taxonomic and functional composition indeed varied among categorized areas 
(Figure 4). Considering temporal variation in community composition, it was mainly observed 
between October of 2017 and April of 2016, and thus, did not show clear seasonal changes (see 
Figure S1 in Supplementary Information). 
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Figure 3: Mean (± SD, across sampling periods) taxonomic and functional diversity indexes in each macrophyte 
bed from upstream to downstream in the different areas categorized according to anthropogenic impact and 
presence of mangrove (see methods). 
 
  
Figure 4: Principal Coordinate Analysis of the taxonomic and functional composition of aquatic macrophytes 
showing the centroids of macrophyte beds (across sampling periods, upper graphs) numbered from upstream to 
downstream (P1 to P16) and classified according to anthropogenic impact and presence of mangrove (see methods; 
black letters = low anthropogenic impact; dark grey letters = high anthropogenic impact; light grey letters = 
mangrove). 
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In agreement with results in Table 1, spatial variation was the main source of variation 
for the gamma diversity, both in percentage terms and also compared to what would be expected 
by a null model (Figure 5). On the other hand, mean species richness of macrophyte beds and 
the variation among periods were lower that it would be expected by a null model (Figure 5). 
 
Figure 5: Additive partitioning of gamma species richness showing the observed and expected (according to a 
null model; see Crist et al., 2003) percentages of gamma diversity attributed to mean species richness of 
macrophyte beds (alpha), variation among sampling periods (temporal variation), and variation among macrophyte 
beds (spatial variation). P values lower than 0.05 indicate percentages significantly different from the null model. 
 
The correlation between geographic distances and taxonomic dissimilarities were 
always significant, indicating spatial autocorrelation in the composition of aquatic macrophyte 
species for all periods. Considering the dissimilarity in the functional composition, there was 
significant correlation only in September of 2017 (the weakest among the significant ones; see 
Table 2). 
 
Table 2: Spatial autocorrelation in the taxonomic and functional composition of aquatic macrophytes in the 
Guaragaçu River. 




Summer 2016 0.453 < 0.001 
Winter 2016 0.372 0.004 
Summer 2017 0.410 0.002 
Winter 2017 0.553 < 0.001 
Summer 2016 -0.007 0.508 






































Summer 2017 0.142 0.095 
Winter 2017 0.253 0.017 
 
The FRic calculated considering only interspecific trait variation represents, on average, 
20.7% of the FRic estimated also considering intraspecific trait variation. Using a paired t-test, 
interspecific FRic is significantly smaller than intraspecific FRic (paired t: 18.695; P < 0.001). 
This indicates that most of the functional richness is determined by intraspecific variation.  
There is a significant relationship between species richness and FRic, FDis and RaoQ, 
according to the Michaelis-Menten saturation curve. However, there is no indication that the 
asymptote was reached (Figure 6). Comparing the measures of functional diversity, there seems 
to be evidence of greater functional redundancy in FDis and RaoQ. Relationship between 
species richness and FDiv was not significant (Figure 6).  
 
Figure 6: Michaelis-Menten Saturation curve relationship between species richness (S) and functional diversity 
indexes (see methods). Equations for significant fits are shown in the graph. R2 and P are, respectively, the 
coefficient of explanation and type I error. 
 




















R2 = 0.71; P = 0.007
FRic = 0.594*S/(23.178+S)
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R2 = 0.76; P < 0.001
FDis = 0.268*S/(4.039+S)




















We partially supported our main hypothesis by clearly showing the spatial variation in 
multiple facets of diversity and community composition of macrophytes along a tidal river. We 
did expect such results since the study area has a conspicuous longitudinal variation considering 
abiotic features, and also anthropogenic impacts. According to Webb et al. (2002), high 
environmental heterogeneity increases the values of beta and gamma diversity, since it allows 
different groups of species to be distributed along different types of habitats, and allows the 
coexistence of many species by the absence of competition for similar resources (MacArthur 
1972). Our results corroborate such hypotheses and also suggest that niche-based deterministic 
processes are probably the most important for the assembly of aquatic macrophyte communities 
in the Guaraguaçu River. Related results have been which reported for aquatic communities 
(Fu et al. 2014, 2017).  
Regarding the temporal variation, no pattern in the taxonomic composition during the 
evaluated periods was verified, and only evidence for a difference between functional 
composition was observed from the first to the last sampling periods. Seasonal differences in 
rainfall, which causes increase in water level can be considered the main environmental 
difference among periods in LAGAMAR region (where Guaraguaçu River is located, see 
Camargo and Harari 2003). Also, water level variations are considered a major environmental 
driver of macrophytes in permanent wetlands with seasonal variation in hydrological regime 
(Padial et al. 2009; Rolon et al. 2010). However, our results in the Guaraguaçu river result can 
be explained due to the tidal influence causing a daily hydrological variation around two meters, 
which likely act as a selective pressure favoring those species and individuals that are already 
adapted to temporal variations in hydrological regime. Thus, even with the dispersal and 
establishment of other species, the low temporal variation of the taxonomic and functional 
composition indicates a possible stability of aquatic macrophyte communities in systems 
subject to high short-term variations. In a previous study, Bhattacharjee et al. (2007) have 
suggested that maintenance of species diversity or richness in humid systems is caused by 
intermediate disturbances, such as frequent floods, which are similar to the influence of tides. 
In this way, it can be affirmed that the main source of community variation of aquatic 
macrophytes in the temporal dynamic Guaraguaçu River is basically the spatial variation. Even 
so, we do recommend continuous monitoring, also based on the fact that functional composition 
seems to have changed considering the first and the last periods. Indeed, two years cannot be 





A clear distinction in both taxonomic and functional composition was verified in 
mangrove areas, an already expected result given the strong environmental filtering of such 
habitats (Crain et al. 2004). The eutrophication of the mangrove areas is considered as a 
selective factor, since they alter the chemical properties and act on the metabolism and 
establishment of the species (Biudes and Camargo 2006; Levine et al. 1998). Some studies also 
point out that interspecific competition mechanisms and physiological tolerance to abiotic stress 
can determine the distribution of aquatic macrophytes in mangroves (Cancian 2012; Guo and 
Pennings 2012; Leung 2005). Halophyte species can competitively exclude the ones that occur 
commonly along the river and do not exhibit salinity-tolerant physiological adaptations (Crain 
et al. 2004; Engels and Jensen 2010). Indeed, only few species were recorded in Guaraguaçu 
mangroves, and most of abundance was composed by Crinum americanum, a water lily that 
has functional traits that allow its establishment even in environments with high salinity (Nunes 
and Camargo 2016) is likely competitive superior than other macrophytes in Guaraguaçu 
mangroves. 
It is evident that anthropogenic impacts have, for decades, significantly altered the 
geographic distributions of species, changing their richness and the rules of community 
assembly at different spatial scales (Elton 1958; Sax and Gaines 2003; Vitousek et al. 1997). 
Even so, it was not possible to verify a distinction in the taxonomic and functional diversity 
indexes between environments of different degrees of impact (high/low). On the other hand, 
the community compositions were clearly different. Such result was likely driven by the high 
abundance of macrophyte species that do develop in impacted areas (e.g. the damping ground 
nearby one of the river channels likely contribute to high nutrient inputs), mainly the non-native 
invasive U. arrecta. This species develop large beds in anthropogenic areas (see also Figure 2) 
and is associated to mostly floating species causing taxonomic and functional differences 
(Figure 4). The dense beds of U. arrecta may provide shelter for floating species that would be 
carried out by the bidirectional flow of tidal rivers. As a consequence, biodiversity values are 
as high as those where anthropogenic impacts are low. Even so, the conspicuous change in 
community composition is in line with several studies urging for impacts that U. arrecta is 
causing in Neotropical systems (Amorim et al. 2015; Michelan et al. 2010; Thomaz et al. 2009b, 
2012). 
The spatial autocorrelation observed here in the composition of aquatic macrophytes 
species is also in line with abovementioned results. The macrophyte beds presented grouping 
tendency with differentiated spatial patterns, with the occurrence of Rhyncosphora corymbosa, 




intermediate points, and C. americanum in the mangrove areas. Such longitudinal pattern is 
collinear with the classification we made: the areas further upstream of the river have a good 
conservation status, with typical riparian vegetation and high transparency of the water. Indeed, 
Utricularia gibba has already been described as sensitive to water pollution (Augustynowicz et 
al. 2015), as well as other species of the genus Utricularia (Gorham and Gordon 1963; Roy 
1992) and bryophyte such as Ricciocarpus natans (Kolon 2001). The occurrence of U. arrecta 
in highly impacted areas, and C. americanum in mangroves were already explained before. 
Interestingly, however, is that the functional composition did not present a clear pattern 
of spatial autocorrelation, and this is explained by the grouping tendency of functional traits. It 
is clear that the mean traits observed in mangroves coincide with the upstream low-impacted 
areas, and indeed, the high-impacted areas are the ones that mostly differ (Figure 4). Such 
results reinforce that spatial patterns in aquatic macrophytes are not only driven by spatial 
autocorrelation and continuous longitudinal change, but as a consequence of environmental 
filtering due to anthropogenic impacts and salinity (Guo and Pennings 2012; Nunes and 
Camargo 2016). Although our goal was not to discuss each predominant trait in each region, it 
is also interesting to note higher herbivory in upstream areas and mangroves, what could 
indicate that such less-impacted areas also have higher abundance and diversity of herbivores, 
such as insects and other aquatic invertebrates (Lodge 1991). 
We also generated evidence that intraspecific variability in macrophyte traits is the most 
important contribution to the functional richness in the Guaraguaçu River. Particularly 
considering macrophytes, this fact can be attributed to the high phenotypic plasticity of the 
species (Caffrey et al. 2006). Other studies have found similar patterns (Cianciaruso et al. 2012; 
Kitchenin et al. 2013; Spasojevic et al. 2016), demonstrating that the information on 
intraspecific characteristics in functional ecology studies is very important to contribute to the 
elucidation of the rules of community assembly and biodiversity patterns. 
Finally, we highlight the relevancy of some results considering the conservation of 
aquatic macrophyte species and ecosystem functioning. We found poor evidence of functional 
redundancy, but a positive relationship between species richness and most functional diversity 
indexes. It is already agreed that the functional richness index has a positive relation with the 
species richness (Bihn et al. 2010; Hejda and de Bello 2013; Petchey et al. 2009; Schleuter et 
al. 2014). If an asymptote is reached, then one can infer that some species are functionally 
redundant, and the loss of some species may not cause effects on ecosystem functioning (Naeem 
1998). Therefore, we can infer that the loss of macrophyte species likely affect functional role 




2002; Schmera et al. 2012). Given the evident threats for macrophytes, such as strong evidences 
in literature for the negative effects of U. arrecta invasion in native macrophyte species 
(Michelan et al. 2010), and the key role of macrophytes in aquatic ecosystem functioning 
(Thomaz and Cunha 2010), our results pose a serious conservation challenge in Guaraguaçu 
river. 
In summary, our study clearly showed the spatial structure in the aquatic macrophyte 
communities of the coastal and tidal Guaraguaçu River. By exploring data in different ways, 
we advocate that such pattern is likely caused by environmental filtering mainly due to 
anthropogenic impacts and salinity concentration. Also, we suggest that in dynamic systems 
such as tidal rivers with strong daily water level fluctuation, the seasonal variation responsible 
for many patterns in aquatic macrophytes in Neotropical wetlands is rather unimportant to 
explain community variation, although we do believe that continuous monitoring (mainly 
considering functional traits) is central in important areas for conservation such as the 
Guaraguaçu River. We also highlighted that the known high phenotypic plasticity of 
macrophytes contribute to macrophyte functional diversity, and that the lack of functional 
redundancy in macrophytes is a major conservation challenge in a key aquatic ecosystem of the 
Atlantic Forest hotspot. 
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Abstract: The data from community composition and 11 functional traits of aquatic 
macrophytes in Guaraguaçu River were sampled in March/April and September/October of 
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Geographical extension: Data were sampled over the navigable strecth of Guaraguaçu River, 
in a watercourse extension of nearly 34.5, between latitudes -48.55505699 and -48.49023404; 
and between longitudes -25.68864402 and -25.72649997. The total Guaraguaçu área is inserted 
in Environmental Protection Area of Guaratuba, and parto f its course is surrouded by the State 
Reserves “Estação Ecológica do Rio Guaraguaçu” and “Floresta do Palmito”. The sampled area 
is representative of aquatic vegetation of coastal rivers from LAGAMAR region in Matinhos, 
Pontal do Paraná and Paranaguá municipalities, Paraná State, Brazil. 
 
Coordinates of macrophyte beds: 
Macrophyte beds Latitude Longitude 
1 -25.7644 -48.5551 
2 -25.7599 -48.5517 
3 -25.756 -48.5495 
4 -25.7421 -48.5467 
5 -25.7265 -48.5555 
6 -25.6985 -48.5283 
7 -25.6965 -48.5234 
8 -25.6995 -48.5157 
9 -25.6886 -48.4963 
10 -25.6877 -48.5181 
11 -25.6626 -48.5161 
12 -25.6523 -48.5012 
13 -25.6401 -48.4987 
14 -25.624 -48.4792 
15 -25.6124 -48.4903 
16 -25.5995 -48.4902 
 
Sampling months:  
March and April of 2016, September and October of 2016, March and April of 2017, September 






Individual: André Andrian Padial – aapadial@gmail.com / +55 41 33611790 
 
Definition of data in table. Full sampling methods are available in Elielton da Silva Araújo 
Masters Dissertation available at http://www.portal.ufpr.br/teses_acervo.html 
 
Taxa in the table were identified to the lowest taxonomic level. Most taxa were identified to 
species level, although information is available only for genera for taxa with dubious 
classification during trait measurements. Absent trait measurements are possible for some taxa 
in some macrophyte bed. The following information is available at the table: 
SAMPLING_SITE: identifying that samplings were made in Guaraguaçu 
SAMPLING_POINT: identification of macrophyte bed sampled (see coordinates above). 
DATE: last month in which sampling were made. 
SPECIES: taxa sampled (some are only in genus level). 
INDIVIDUAL: module number sampled for trait measurements. Up to three modules for each 
taxa in each macrophyte bed were sampled for trait measurements. 
A50: abundance of the taxa considering the 50 m extension of the macrophyte bed (same value 
for all modules). 
AL: local abundance of the module (Braun-Blanquet coverage classes  in a 0.5 x 0.5 cm 
quadrat). 
ROL: root length (cm). 
LEL: leaf length (cm). 
LEW: leaf width (cm). 
LEA: leaf area (LEL x LEW, cm2). 
PEL: petiole length (cm). 
STW: stem width (cm). 
HER: herbivory, measured as Braun-Blanquet classes considering the percentage of leaf area 
covered by herbivory. 
LFO: life form (emergent, rooted floating, free floating, rooted submerged, free submerged, 
amphibian, epiphyte). 
FLO: flowering duration (seasonal or annual). 






Figure S1. Principal Coordinate Analysis of the functional composition of aquatic macrophytes showing scores 
for each period. Main traits considering correlation with PCoA axes are shown. Periods are differentiated in the 
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